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Abstract

Because the serious blackouts caused by the instability of power grid system can lead to huge

economic losses, the study of power system stability has always been a core issue in the power

industry. Power grid data anomaly detection and power grid fault detection occupy an important

position.

Traditionally, the power industry workers only make quantitative analysis of the stability of

the power system, which is difficult to carry out in a more efficient way. Therefore, the author’s

team cooperated with China Southern Power Grid to develop and construct a visual system for

anomaly detection and fault detection of power grid data. The work described in this paper has

three important contributions: (1) Design and implement a visual analysis system to support users

to identify anomalies and faults in power grids; (2) Combine visual coding with statistical quality

control method to provide a total of effects of multiple variables on system stability. Research

methods; (3) A visual system for multi-variable time-varying data, which can enable analysts to

detect abnormal power grids at any time and analyze specific faults.

This paper mainly introduces the contribution of the author in the development of the system

from the aspects of anomaly and fault detection of power grid data and the realization and testing

of the visual system.

Keywords: Anomaly detection, fault detection, visual analysis, power network, statistical quality

control, deep neural network

II



ᨈ ഴ

1-1 ḽ߼⭫㖇Ṳᕅ .............................................................................................................. 2

1-2 Leadlines....................................................................................................................... 5

1-3 Cloudlines ..................................................................................................................... 5

1-4 ᒬ㖤⌋ࡱ⭱ഴ䳅ᰬ䰪ਇ⭕Ⲻ਎ौ .............................................................................. 5

1-5 WordLines㌱㔕Ᾰ㿾.................................................................................................... 6

4-1 MLSTM FCN ............................................................................................................... 15

III



㺞 Ṳ

IV



目 ⅗

᪎㾷 ............................................................................................................................................. I

Abstract ........................................................................................................................................ II

ᨈഴ ............................................................................................................................................. III

㺞Ṳ ............................................................................................................................................. IV

目⅗

1 㔠论 ....................................................................................................................................... 1

1.1 䈴题㜂Ქ .................................................................................................................... 1

1.1.1 ӶѾᱥ⭫㖇..................................................................................................... 1

1.1.2 ᔸᑮⲺᇐѿθ⭫㖇ᔸᑮᱥӶѾθᵢ文中Ỷ⎁Ⲻᔸᑮ᤽ӶѾ..................... 1

1.2 ਥ㿼᷆࠼Ⲻ֒⭞θᕋޛਥ㿼᷆࠼Ⲻ৕ഖ ................................................................ 2

1.3 ⴮ީᐛ֒ .................................................................................................................... 3

1.3.1 ᔸᑮỶ⎁਀ᔸᑮỶ⎁ਥ㿼᷆࠼..................................................................... 3

1.3.2 ⭫㖇ᔸᑮỶ⎁................................................................................................. 3

1.3.3 ⭫㖇᭻䳒Ỷ⎁................................................................................................. 3

1.3.4 ᰬᓅཐ਎䠅ᮦᦤਥ㿼᷆࠼............................................................................. 4

1.4 ᵢ文ᐛ֒ .................................................................................................................... 6

1.5 ㄖ㢸ᆿᧈ .................................................................................................................... 6

2 ᮦᦤф᷆࠼Աࣗ ................................................................................................................... 8

2.1 ᮦᦤ ............................................................................................................................ 8

2.1.1 Եⵕᮦᦤ......................................................................................................... 8

2.1.2 ⭫䠅ᮦᦤ......................................................................................................... 9

2.2 Աࣗ᷆࠼ .................................................................................................................... 9

2.2.1 ᔸᑮỶ⎁Աࣗ................................................................................................. 9

2.2.2 ᭻䳒Ỷ⎁Աࣗ................................................................................................. 9

V



浙江大学硕士学位论文 目次

3 ะӄ㔕䇗䍞䠅᧝ᯯ࡬⌋ⲺᔸᑮỶ⎁ ................................................................................... 10

3.1 ᧝࡬ഴф㔕䇗䍞䠅᧝࡬ ............................................................................................ 10

3.1.1 ᧝࡬ഴ⨼论Ⲻะᵢᙓᜩ................................................................................. 10

3.1.2 㔕䇗䍞䠅᧝࡬Ⲻะᵢᙓᜩ............................................................................. 11

3.2 ᐨᴿ㔕䇗䍞䠅᧝࡬ഴ᷆࠼ ........................................................................................ 11

3.2.1 ԁ㔃ᐨᴿⲺ㔕䇗䍞䠅᧝࡬ഴᯯ⌋਺㠠Ⲻ⢯⛯⢯ᖷ..................................... 11

3.2.2 㔉ਾ⭫㖇ᮦᦤ⢯㢨ф᷆࠼Աࣗθ㔲ਾ䈪᱄䘿᤟ shewhart᧝࡬ഴⲺ৕ഖ 11

3.3 ᔸᑮỶ⎁㇍⌋ ............................................................................................................ 11

3.3.1 shewhart㔕䇗䍞䠅᧝ᯯ࡬⌋৕⨼ ................................................................. 11

3.3.2 ะӄ shewhartᯯ⌋᭯䘑ⲺᔸᑮỶ⎁㇍⌋ .................................................... 11

3.4 ᇔ僂㔉᷒ .................................................................................................................... 11

3.4.1 ㇍⌋གྷᵸᓜȽ᭾⦽......................................................................................... 11

3.4.2 Ỷ⎁㔉᷒᷆࠼................................................................................................. 11

4 ᭻䳒Ỷ⎁ ............................................................................................................................... 12

4.1 ᭻䳒Ỷ⎁䰤题 ............................................................................................................ 12

4.1.1 ޭ։䰤题䈪᱄................................................................................................. 13

4.1.2 䰤题ᣳ䊗δྸ֋ᣳ䊗ѰжѠ࠼㊱䰤题ε..................................................... 14

4.2 ␧ᓜ⾔㔅㖇㔒⁗ශ .................................................................................................... 14

4.2.1 䘿᤟␧ᓜ⾔㔅㖇㔒Ⲻ৕ഖ............................................................................. 14

4.2.2 RNN৕⨼ ....................................................................................................... 14

4.2.3 Ѱ֋䘿᤟ะӄ RNNⲺ LSTM⁗ශ.............................................................. 14

4.2.4 ᵢ文ᡶ⭞⁗ශδLSTN-FCNεⲺ㖇㔒㔉ᶺф৕⨼...................................... 15

4.3 ޭ։ᇔ⧦ .................................................................................................................... 16

4.3.1 ᮦᦤ༺⨼......................................................................................................... 16

4.3.2 ৸ᮦ䇴㖤δ䈹৸䗽ぁε................................................................................. 16

4.3.3 ᇔ⧦δkerasᓉȽะӄ tensorflowȽ਎ᡆ䈣䀶 python ................................. 16

5 ㌱㔕䇴䇗фਥ㿼䇴䇗 ........................................................................................................... 17

5.1 ㌱㔕ᇔ⧦ .................................................................................................................... 17

5.1.1 ㌱㔕㔉ᶺ......................................................................................................... 17

5.1.2 ੄ㄥ䇴䇗......................................................................................................... 17

5.1.3 .........................................................................................................ㄥ䇴䇗ࢃ 17

5.2 ਥ㿼䇴䇗 .................................................................................................................... 17

5.3 ᇔ僂㔉᷒фṾׁ᷆࠼ ................................................................................................ 17

VI



浙江大学硕士学位论文 目 次

6 ᙱ㔉фኋᵑ ........................................................................................................................... 18

6.1 䇞论 ............................................................................................................................ 18

6.2 ᵠᶛᐛ֒ .................................................................................................................... 18

6.3 ᙱ㔉 ............................................................................................................................ 18

VII



1 㔠论

1.1 䈴题㜂Ქ
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਀䍕㦭ㅿуੂ㊱ශȽуੂ⢯ᙝⲺݹԬȾѰҼؓ䳒⭫࣑㌱㔕Ⲻᆿޞ䘆㺂Ƚ䚵ڒރ⭫Ӂ᭻θ䴶

㾷ሯ⭫㖇Ⲻ䘆㺂֒࠰人ݾᆿᧈθᒬሯ⭫㖇ਇ⭕Ⲻ᭻䳒ૂ䠃㾷ӁԬ䘑㺂਀ᰬ᷆࠼Ⱦ⭫㖇Ⲻޮ

ශ㺞⽰ᱥ⭞㢸⛯ԙ㺞∃㓵θ㙂㢸⛯ҁ䰪Ⲻ䘔㓵ࡏԙ㺞䘔᧛њᶗ∃㓵Ⲻ⭫࣑㓵θ⢯⇀Ⲻθᑜ

ᴿ䰠⭫ḽᘍⲺ㢸⛯ԙ㺞Ҽਇ⭫ᵰ,ྸഴ1-1ᡶ⽰Ⱦ⭫㖇ᱥགྷᵸⲺȽࣞᘷⲺȽཐᯯ䶘Ⲻ㌱㔕Ⱦ

ޮශⲺ⭫㖇⭧њ〃㊱ශⲺ䗉⭫㓵䐥㓺ᡆφ∃㓵ૂ⭫࣑㓵Ⱦ∃㓵⭞ᶛ᭬䳼ૂ࠼䞃⭫࣑Ⱦ䍕

䖳ૂਇ⭫ᵰᱥ࠼ᐹ൞䜞࠼∃㓵рⲺњ〃ޮශ㻻㖤θᆹԢࡡ࠼⎾㙍ૂਇ⭫Ⱦ⭞ӄ䘔᧛∃㓵Ⲻ

⭫࣑㓵θऻᤢӚ⍷㓵䐥ૂ DC㓵䐥Ⱦ⭫࣑㓵рⲺ਎ুಞ䲃քԄⓆᙱ㓵ࡦ⴮ᓊ⭫ু⭫ᒩⲺ目

ḽᙱ㓵Ⲻᖻ䗉䘷⭫ুȾ⭫㖇Ⲻ䘆㺂⣬߫䙐ᑮ⭧ॷࠖѠᙱ㓵рⲺ਎䠅ᶛ㺞ᖷȾ⭫㖇Եⵕᐛޭ

ะӄ⭫㖇ঋݹⲺᮦᆜᔰ⁗ᶛⴇ⎁⭫㖇䘆㺂⣬߫Ⱦ

1.1.2 ᔸᑮⲺᇐѿθ⭫㖇ᔸᑮᱥӶѾθᵢ文中Ỷ⎁Ⲻᔸᑮ᤽ӶѾ

ᵢ文ะӄᮦٲ⁗ᤕᮦᦤθ⢯ࡡᱥᲸᘷどᇐᮦᦤθሯ⭫㖇どᇐᙝ䘑㺂Ҽਥ㿼ौ᷆࠼Ⱦ⢯

㿼㿿䇴䇗Ⲻどᇐᙝᰬ䰪ⲺỶ⎁ૂ⹊ガ᯦ࡑᴿޭࡦδSQCεᯯ⌋䳼ᡆ࡬൦θሼ㔕䇗䍞䠅᧝ࡡ

中Ⱦሯะӄ SQCⲺᯯ⌋Ⲻ໔ᕰ׹䘑Ҽ㓼㋈ᓜⲺどᇐᙝ࡚ᯣθ㙂㓼㋈ᓜⲺどᇐᙝ࡚ᯣ৾䙐䗽
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ਾⲺ㿼㿿㌱㔕θԛ᭥ᤷཐᰬ䰪ᓅࡍⲺ㿼㿿᧘㍘ૂ᷆࠼θ䇼ૂࡡ॰࠼ᱴ㪍Ⲻуどᇐ⁗ᕅȾ᭥

ᤷ⭫㖇ⲺᔸᑮȽуどᇐૂ᭻䳒Ⲻऎ᧘Ƚ䇼ૂࡡ᧞⨼Ⲻਥ㿼ौ᷆࠼㌱㔕Ⱦ㿼㿿㕌⸷ૂ SQCᯯ

⌋Ⲻ㌱㔕䳼ᡆθѰ⹊ガਥ㜳ᖧଃ㌱㔕どᇐᙝⲺཐѠ⴮ީഖ㍖Ⲻ㚊ਾ᭾ᓊᨆבਥ䶖Ⲻ㿼㿿䇷
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图 1-1 标准电网格式

ᦤȾжྍ⭞ӄᮦᆍᰬ䰪ᓅࡍⲺ㿼㿿䇴䇗θֵ᷆࠼Ӱ઎ޭᴿሯޞ⨹䏁ࣵȽቶ䜞਎ौૂཐ਎䠅

䳅ᰬ䰪਎ौⲺ⴮ީᙝⲺ㿼㿿ỶḛⲺ㜳࣑Ⱦ

1.2 ਥ㿼᷆࠼Ⲻ֒⭞θᕋޛਥ㿼᷆࠼Ⲻ৕ഖ

൞Ӱ㊱Ⲻ਺㊱᝕㿿ಞᇎ中θӰ⵲ޭᴿᴶᕰⲺؗਭ༺⨼㜳࣑Ⱦഖ↚㿼㿿ᱥ㧭਌ؗᚥⲺᴶ

䠃㾷䙐䚉θ䎻䗽 50ਥ㿼ौᱥӰ㊱൞䇚⸛䗽ぁ中ӝ⭕ⲺሯӁ⢟Ⲻ䇚⸛㿼ഴθ᱉ӄ⨼䀙ᒬᴿ࡟

ӄ⸛䇼Ӛ⍷Ⱦ㙂ؗᚥਥ㿼ौᱥ䇟䇗㇍ᵰ㔎ࣞ࡬ᘷȽӚӈⲺཌ䜞䖻ࣟ㿼ഴθ目Ⲻᱥ໔ᕰӰⲺ

䇚⸛㜳࣑Ⱦ

䳅⵶ᮦᦤ㿺⁗Ⲻ໔ࣖθ⴪᧛੾⧦ᮦᦤՐሲ㠪ᱴ⽰グ䰪у䏩Ƚഴݹ䚤ᥗȽ㔎࡬᭾⦽քㅿ

䰤题Ⱦਜཌθ⧦ԙ᷆࠼Աࣗᴪࣖགྷᵸθӻӻד䎌ਥ㿼ौ䳴ԛԚӰਇ⧦䳆㰅൞ᮦᦤ㜂੄Ⲻ⁗

ᕅθ䘣ԙᕅӚӈ᷆࠼ᱥ亼ตщᇬ䇚䇼ૂ⨼䀙ᮦᦤⲺ䠃㾷ᯯ⌋ȾѰ↚θਥ㿼ौщᇬᨆ࠰Ҽਥ

㿼᷆࠼Ᾰᘫθᆹᱥж〃䙐䗽Ӛӈᕅਥ㿼ौ⮂䶘ᶛ䖻ࣟ⭞ᡭሯཝ㿺⁗གྷᵸᮦᦤ䳼䘑㺂᷆࠼᧞

⨼Ⲻ〇ᆜૂᢶᵥȾਥ㿼᷆࠼уӻӻᱥਥ㿼ौθᆹ䳼ᡆҼਥ㿼ौȽӰⲺ㾷㍖δྸӚӈȽ䇚⸛Ƚ

᝕⸛Ƚਾ֒Ƚ㺞⽰ૂՖ᫣εૂᮦᦤ᷆࠼ㅿȾ⴮ሯӄਥ㿼ौθਥ㿼ौ᷆࠼᮪ਾҼؗᚥ᷆࠼Ƚ൦

⨼グ䰪ૂ᷆࠼〇ᆜ᷆࠼ㅿᢶᵥθ㙂ъӰⲺ㾷㍖൞ӰфᵰಞⲺ䙐ؗ䗽ぁૂߩㆌ䗽ぁ中䎭ࡦ䶔
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ᑮ䠃㾷Ⲻ֒⭞Ⱦਥ㿼᷆࠼ᱥӰⲺᲰ㜳δ⸛䇼ૂ㔅僂εૂᵰಞᲰ㜳δ䇗㇍εཐ⅗অ֒Ⲻ䘣ԙ

䗽ぁȾ

ਥ㿼᷆࠼ᴿ᭾㷃ਾҼ䇗㇍ᵰᕰཝⲺ䇗㇍㜳࣑ૂӰⲺ䇚⸛㜳࣑θ㜳ཕਇᥛӂ㘻ⲺՎࣵᇂ

ᡆ਺㠠᫻䮵ⲺԱࣗȾഖ↚θਥ㿼᷆࠼ᱥӚ৿㷃ਾҼਥ㿼ौȽӰᵰӚӈȽ䇚⸛〇ᆜȽᮦᦤ᥌

᧎Ƚؗᚥ论Ƚߩㆌ⨼论ㅿ⹊ガ亼ตⲺ᯦⹊ガᯯੇȾ

ਥ㿼᷆࠼䴶㾷ਾ䘸Ⲻᮦᦤ䖳։θ㙂⭫࣑㌱㔕ᮦᦤ׵ᱥਾ䘸Ⲻ䖳։Ⱦ⭫࣑㌱㔕どᇐᱥ⭫

࣑㌱㔕中ⲺжѠะᵢ䰤题Ⱦ⭫࣑ᐛѐഖ㌱㔕уどᇐᙝՐᕋ䎭ћ䠃Ⲻڒ⭫Ӂ᭻ૂᐞཝⲺ㔅⎄

ᦕཧȾ⭫㖇ᱥ⭫࣑㌱㔕Ⲻж〃㔅ޮᖘᕅθ㻡ᨅ䘦Ѱ䙐䗽ਇ⭫ᵰੇ⭞ᡭՖ䗉⭫࣑Ⲻ㖇㔒θж

Ѡ㔉ᶺ㢥ླⲺ࠼䞃࡬ᓜȾжѠ⭫㖇ᱥགྷᵸⲺȽࣞᘷⲺȽཐᯯ䶘Ⲻ㌱㔕Ⱦ⴪ࡦ⧦൞䘎⋗ᴿж

〃ਥ㺂Ⲻᯯ⌋ᶛ㓠ᖋ㌱㔕Ⲻ᛻߫Ⱦ᧝࡬ᇔ僂ሯᇔ䱻Ⲻ⭫࣑㌱㔕ਥ㜳Ր䙖ᡆᝅཌⲺᦕཧȾ䘏

ֵᗍ⁗ᤕ䇗㇍ᙝ㜳᷆࠼ᡆѰ୥жਥԛ᧛਍Ⲻᯯ⌋Ⱦ目ࢃ൞ᇔ䱻ᓊ⭞中ᐨ㔅僂䇷θ⁗ᤕ䇗㇍

ਥԛ䗴ࡦ∊䖹㋴⺤Ⲻ⎁䈋Ⱦᇐᵕ䘆㺂ᮦᦤ⁗ᤕθሯᇔ䱻ӁԬ䘑㺂᧞⨼θ人䱨ᙝ䰤题᷆࠼Ⱦ

൞ਥ㿼᷆࠼中ᡶᨆבⲺᮦᦤ傧ࣞⲺ᷆࠼ᐛޭθ㜳ཕᴿࣟӄ᷆࠼Ӱ઎Ԅᴪཐ൦䀈ᓜȽᴪ

␧ޛ൦᧘㍘⎭䠅Եⵕᮦᦤ中ᡶ㮪੡Ⲻ㿺ᗁθֵᗍ⭫㖇䘆㺂ޭ᷆࠼ᴿᴪᕰ൦⹊ガᙝθ䘸ᓊᡇ

ള⭫㖇儎䙕ਇኋⲺ⧦⣬Ⱦ

1.3 ⴮ީᐛ֒

1.3.1 ᔸᑮỶ⎁਀ᔸᑮỶ⎁ਥ㿼᷆࠼

ᔸᑮỶ⎁൞ࣞ᷆࠼ᘷ㌱㔕中খᦤ⵶਀ެ䠃㾷Ⲻ൦փθ⢯ࡡ൦θਥ㿼ौѰ䇼ૂࡡਇ⧦ᔸ

ᑮᨆבҼ㿼㿿ᑤࣟȾуੂⲺ亼ต䴶㾷਺〃ਥ㿼ौᢁ⇫θԛ䘸ᓊᮦᦤ⢯ᖷૂ亼ต䰤题Ⲻޭ։

⢯ᖷȾ

1.3.2 ⭫㖇ᔸᑮỶ⎁

1.3.3 ⭫㖇᭻䳒Ỷ⎁

䘇ᒪᶛθ⭫㖇᭻䳒᷆࠼൞⭫࣑亼ตᗍࡦҼᒵ⌑Ⲻ⹊ガȾ䀙ߩ䘏ж䰤题Ⲻᐛ֒ѱ㾷࠼Ѱ

п㊱φ䈀ᯣ [6]Ƚ᧝࡬ [13Ƚ38Ƚ48Ƚ52]ૂ㔉᷒᷆࠼ [25Ƚ31Ƚ41Ƚ51]Ⱦ໔ᕰⲺᔰ⁗ૂԵⵕ

ᱥњ〃ะᵢⲺᯯ⌋θྸਂ侾᝕ᓊਇ⭫ᵰδDFIGε⁗ශ [38]ȽะӄᤉᢇⲺ Crucitti-Latora⁗ශ

[11θ25]ȽᰬตԵⵕ [48]ㅿȾ

❬㙂θ䳅⵶⭫㖇᭻䳒གྷᵸᓜⲺ໔ࣖθሼ䇗㇍фެԌ䘸ᖉᯯ⌋㔉ਾ䎭ᶛⲺ䴶≸ҕ䏀ᶛ䏀
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ཝ [43]Ⱦ൞文⥤中ᐨ㔅ሯᵰಞᆜҖ⁗ශ䘑㺂Ҽ⎁䈋θऻᤢ᭥ᤷੇ䠅ᵰ [22]Ƚߩㆌṇ [20]ȽQ-ᆜ

Җ [50]Ƚ䮵⸣ᵕ䇦ᗼ [53]Ⱦཝཐᮦ⧦ᴿ֒૷Ⲻ߼⺤⦽ൽ൞ 80

Ѱ↚θᕋޛਥ㿼ौᯯ᷆࠼⌋ԛ׹䘑Ӛӈᕅ᭻䳒᷆࠼Ⱦ୼ѐᐛޭྸ PowerWorld[1]ȽGreen-

Grid[47]ૂ Grid-IE[2]ᨆבҼжྍਥ㿼ौᐛޭऻᶛ໔ᕰ᛻Ქ᝕⸛Ⱦ❬㙂θӻ᭥ᤷᴿ䲆Ⲻ᭻䳒

Ⲻཐ㓝᷆࠼⢯ᖷȾ⧁ㅿȾ[46]䙐䗽儎㔪ᮦᦤਥ㿼ौθᔶਇжѠ䪾ሯཝ㿺⁗൰ᲥⲺᓊᙛ᷆࠼

䀙ᯯߩṾȾδ൞䘏䠂␱ࣖਜжѠᐛ֒ε❬㙂θਇ⧦䭏䈥ૂᔸᑮ⁗ᕅᒬу൞䘏ӑ֒૷Ⲻ㤹പҁ

⧦ȾᡇԢⲺᯯ⌋䙐䗽䎁ҾᵰಞᆜҖ⁗ශԛਥ䀙䠀ૂਥᬃ㓫Ⲻ㿼㿿⮂䶘ᶛᨆ儎⧦ᴿ᭻䳒ਇ޻

䀙ᯯߩṾȾ

Ԅᔸᑮᮦᦤ䳼中䇼ૂࡡᙱ㔉ᱴ㪍ᔸᑮ⁗ᕅⲺ㜳࣑ᱥ㠩ީ䠃㾷ⲺθഖѰᔸᑮ⁗ᕅૂᒩࠗ

⁗ᕅҁ䰪㕰҅␻ᲦⲺ䗯⮂ [8]Ⱦഖ↚θᔸᑮ⁗ᕅ᷆࠼൞ᖾཝぁᓜрד䎌ӄӰ㊱щᇬⲺ㔅僂ૂ

⸛䇼Ⱦ

㿼㿿᷆࠼ഖ↚ਥԛਇᥛ䠃㾷֒⭞θ᭥ᤷ䀙䠀ૂᤉᇳ⨼䀙Ⱦжӑ⹊ガᐨ㔅ֵ⭞ะᵢⲺਥ

㿼ौθྸ॰ต൦ഴ [34]ૂṇ㺞⽰ [28]ᶛ䇼ࡡԚӰᜀ䇬Ⲻᰬ䰪⁗ᕅȾ⊚࿼ㅿӰȾɏ44ɐૂ㭗

ㅿӰȾ[7]䘑ж↛䟽⭞ะӄӚӈᕅ൦ഴⲺᵥ䈣ӇᶛԄ⽴Ӛ჈։⎾ᚥ中ਇ⧦ᰬグ⁗ᕅȾਜжӑ

Ⱦ䉘ㅿȾ[49]ᓊ᷆࠼਀ᴪ⴪㿸ૂਥ⨼䀙Ⲻ㿼㿿㺞⽰θԛ᭥ᤷᔸᑮ⁗ᕅⲺ∊䖹ૂрс文⎿ࡏ

⭞㢸⛯㓵䳆௱ᶛ㍝ࠇ൦ؓᤷуੂ⭞ᡭ⁗ᕅҁ䰪Ⲻཐ਎䠅ᰬ䰪ૂрс文⴮ީᙝȾᴯㅿȾɏ4, 5ɐ

ԁ㔃Ҽж〃᯦Ⲻ Z-ᆍᖘ䇴䇗θᒬᔶਇҼޞቶп䀈ᖘ㖇Ṳᐹቶԛ䘑㺂儎᭾Ⲻ⭞ᡭ㺂Ѱ∊䖹Ⱦ

ᴶ䘇θᵰಞᆜҖᯯ⌋ᐨ㔅␧␧൦ᎂࡦޛ㿼㿿⮂䶘中Ⱦ䎫ㅿȾɏ55ɐ൞Ӛӈᕅ㓵ぁ⍷䇴䇗

中䳼ᡆҼ㠠ࣞᔸᑮỶ⎁㇍⌋Ⱦ⭞ᡭ㜳ཕᨅ䘦䖢ਇ㓵ぁⲺ⢯ᖷȾਜж亯੃Ѱ Voila[3]Ⲻᐛ֒

ᨆ࠰ж〃ะӄᕖ䠅Ⲻᔸᑮ᷆࠼㇍⌋θ䈛㇍⌋䙐䗽рс文ਥ㿼ौ㌱㔕໔ᕰθ⭞ӄ⍷ᕅᰬグᮦ

ᦤȾᡇԢ䚫ᗠҼ⧦ᴿ㿼㿿ᯯ᷆࠼⌋Ⲻ㊱ղ䐥㓵ഴθռᱥ䙐䗽㔉ਾ⤢⢯Ⲻ␧ቸᆜҖᯯ⌋θᡇ

ԢⲺᯯ⌋уੂӄՖ㔕Ⲻᯯ⌋Ⱦ

1.3.4 ᰬᓅཐ਎䠅ᮦᦤਥ㿼᷆࠼

ཝᮦᦤᰬԙθᮦᦤⲺགྷᵸᙝфᰛا໔ȾѰҼᴪླⲺ㺞⧦ᰬ࠰ᓅཐ਎䠅䳅⵶ᰬ䰪ᓅࡍⲺ

ᮦ䠅ૂགྷᵸᙝⲺ໔ࣖθ൞㿼㿿᷆࠼中䴶㾷∊䖹ᢁ⇫Ⱦж㡢Ⲻθؗᚥਥ㿼ौⲺ∊䖹䇴䇗࠼Ѱ

ԛсࠖ㊱Ⱦ

ᒬࡍ⌋δJuxtapositionε᤿➝ᰬ䰪δグ䰪εⲺ亰ᓅሯᰬ䰪ᓅࡍᮦᦤ䘑㺂ᧈࡍȾ∊䖹ޮශ

Ⲻᴿྸഴ1-2ᡶ⽰Ⲻ LeadLine ૂྸഴ1-3CloudLinesθᆹԢ䙐䗽൞৕ᆆ㓝ᱴ⽰ཐѠᰬ䰪ᓅࡍ

㙂у䘑㺂㚐ਾθԄ㙂ሼᒬ㖤ᯯ⌋ᢟኋࡦཐѠᰬ䰪ᓅࡍⲺཝ㿺⁗ᮦᦤȾ

Ӛਖ⌋δSuperpositionε൞ੂжグ䰪中㾼ⴌཐѠሯ䊗θ䙐䗽∊䖹ޭᴿуੂ仒㢨ᡌ䙅᱄ᓜ
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图 1-2 Leadlines

图 1-3 Cloudlines

Ⲻቸθ⭞ᡭਥԛ⴪᧛㿸ሕሯ䊗ҁ䰪ⲺᐤᔸȾCollbergㅿӰֵ⭞Ҽᒬ㖤⌋ሼཐᕖ⹊ガሯ䊗Ⲻᘡ

➝᭴㖤൞ੂжグ䰪中ԛᱴ⽰ഴ䳅ᰬ䰪ਇ⭕Ⲻ਎ौθྸഴ1-4ᡶ⽰Ⱦ

图 1-4 并置法刻画图随时间发生的变化

ᱴᕅ㕌⸷⌋δExplicit Encodingε࡟⭞ᰬ䰪ᓅࡍᮦᦤⲺуੂ㿼㿿㕌⸷ᶛᨣ⽰ሯ䊗ҁ䰪Ⲻ
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ީ㌱ᡌሯ∊ȾWorld Linesᱥཐ䠃䳼ᡆԵⵕ∊䖹ਥ㿼ौⲺжѠགྷᵸׁᆆθެ㿼㿿䇴䇗㔉ਾҼ

ऻᤢҼр䘦Ⲻп〃䇴䇗θ㺞⧦ྸഴ1-5ᡶ⽰Ⱦ

图 1-5 WordLines系统概览

1.4 ᵢ文ᐛ֒

ᵢ亯目ṯᦤ㧭ᗍⲺ⴮ީ⭫㖇ᮦᦤθऻᤢ⭫㖇਺Ѡީ䭤㢸⛯δ∃㓵εⲺ⭫ুٲȽ仇⦽ٲ

ㅿθԛ਀ਇ⭫ᵰҁ䰪Ⲻ⴮ሯࣕ䀈ٲθሯ⭫㖇Ⲻᔸᑮૂ᭻䳒䟽਌ਾ䘸Ⲻᯯᕅ䘑㺂Ỷ⎁Ⱦੂᰬ

䘎Րሼ䘏ӑ޻ᇯԛਥ㿼ौⲺᯯᕅㆶঋⲺ੾⧦࠰ᶛθᶛᯯ׵⴮ީ⹊ガӰ઎Ⲻ⨼䀙ૂ༺⨼Ⱦᴶ

੄θᡇԢՐֵ⭞ᮦᦤᶛ僂䇷⭞ࡦⲺᡶᴿ㇍⌋Ⲻਾ⨼ᙝф߼⺤ᙝȾ

1.5 ㄖ㢸ᆿᧈ

ᵢ文ㅢӂㄖԁ㔃Ҽ⭫㖇ᮦᦤᒬ䘑㺂Ҽީӄᔸᑮ᭻䳒Ỷ⎁ⲺԱࣗ᷆࠼θԛ׵ӄ䘑㺂сж

↛Ⲻ⹊ガχㅢпㄖ׵ᱥṯᦤԱࣗ䘿਌Ҽ㔕䇗䍞䠅᧝࡬Ⲻᯯ⌋ᶛ䘑㺂ᔸᑮỶ⎁θᒬሯ⧦ᴿⲺ

㔕䇗䍞䠅᧝ᯯ࡬⌋䘑㺂Ҽޭ։Ⲻԁ㔃χㅢ഑ㄖᱥሯӄ᭻䳒Ỷ⎁Ⲻ༺⨼θ䘿⭞Ҽ RNNⲺ␧ᓜ

⾔㔅㖇㔒⁗ශθᒬ㔏࠰Ҽޭ։Ⲻᇔ⧦ૂ⴮ᓊⲺ㔉᷒χㅢӊㄖ׵ᱥ᮪։㌱㔕Ⲻ੾⧦θऻᤢࢃ
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ㄥ䇴䇗θ੄ㄥ䇴䇗ㅿ䈮ཐᯯ䶘θ䘎ሯޭ։ⲺṾׁ䘑㺂Ҽ᷆࠼χㅢޣㄖऻᤢҼ֒㘻ሯ᮪Ѡ㌱

㔕Ⲻᙱ㔉ૂᵠᶛⲺኋᵑȾ
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2 ᮦᦤф᷆࠼Աࣗ

2.1 ᮦᦤ

2.1.1 Եⵕᮦᦤ

ԵⵕᮦᦤθቚެᱥᲸᘷどᇐ䇗㇍൞᤽ሲ⭫㖇どᇐ䘆㺂中䎭⵶䠃㾷Ⲻ֒⭞ȾԵⵕᮦᦤ䙐

ᑮᱥᨅ䘦∅Ѡ㢸⛯中∅Ѡ਎䠅Ⲻ╊਎Ⲻж㓺ᰬ䰪ᓅࡍȾ൞⁗ᤕᆹⲺ䘆㺂Ƚ᭻䳒ૂᚘགྷ䗽ぁ

中θуੂᖘᕅⲺуどᇐᙝժ䳅⵶ᆹⲺ╊ौ䗽ぁ㙂࠰⧦Ⱦᮦٲ⁗ᤕᯯ⌋ྸᶄӐᲤ䈰ཡ࠳ᮦ਀

ެ਎࠼ᐨ㻡䇷᱄ᱥ⹊ガࣞᘷૂⷢᘷуどᇐᙝⲺ⤢⢯ᢁ⇫Ⱦഖ㙂θ᷆࠼Ӱ઎㾷䇼ࡡ᭻䳒ӁԬ

Ⲻਇ⭕θ⹊ガ᭻䳒ӁԬⲺ㊱ශૂ⁗ᕅθᒬ䙐䗽᷆࠼਎䠅Ⲻᰬ䰪ᓅࡍᶛ᧞ᯣ᭻䳒ӁԬⲺ৕ഖθ

ᱥ䶔ᑮ哱✜ⲺȾ目ࢃ㕰҅ᇐ䠅ᨅ䘦⭫࣑㌱㔕どᇐ⣬ᘷⲺ⨼论⁗ශȾՖ㔕Ⲻ㔕䇗ᯯ⌋θྸ㔕

䇗䍞䠅᧝࡬θᨆבҼะӄ⛯Ⲻどᇐᙝ࡚ᯣθռሯӄޞ⭱ࡱቶ䏁ࣵૂ⁗㌀਎ौᱥք᭾ⲺȾ

⭫࣑㌱㔕Եⵕ᷆࠼ᒵ⌑ᓊ⭞ӄ⭫࣑㌱㔕䘆㺂Ƚ㿺ࡈȽ䇴䇗ㅿ亼ตθᱥ⭫࣑㌱㔕Ⲻж亯

ะ⹶ᙝ᭥᫇ᢶᵥȾ㔅䗽ᮦॷᒪⲺਇኋθᡇളะӄᵰ⨼⁗ශⲺ⭫࣑㌱㔕Եⵕ䇗㇍ᢶᵥᐨ༺ӄ

ь⮂ࡍࢃθᐨᴿ PSDȽPSASPȽADPSSȽPS-Modelθԛ਀ޞ䗽ぁԵⵕ䖥Ԭㅿ䈮ཐᒵ⌑ᓊ⭞

Ⲻ㠠ѱ⸛䇼ӝᵹՎ⿶ӝ૷θਥԛะᵢ┗䏩ཝ⭫㖇Եⵕ᷆࠼Ⲻ䴶≸Ⱦ

⭫࣑㌱㔕Եⵕ᷆࠼中ⲺćԵⵕĈᱥ᤽ሯ⭫㖇ݹԬ䘑㺂ᮦᆜᔰ⁗θֵ⭞ᗤ࠼-ԙᮦᯯぁ㓺

㺞䗴਺ѠݹԬⲺཌ⢯ᙝθ䙐䗽≸䀙䘏Ѡᯯぁ㓺ᗍࡦ㌱㔕Ⲻ⣬ᘷ਎䠅ٲθԄ㙂ᧂ᮪ᨗѠ㌱㔕

Ⲻ᛻߫Ⱦć᷆࠼ĈࡏᱥะӄᗍࡦⲺԵⵕ㔉᷒䘑㺂㌱㔕⢯ᙝ⹊ガȽ᧝࡬᧠᯳࡬ᇐㅿᐛ֒Ⱦ൞ᇔ

䱻ᐛ֒中θ⭫㖇Եⵕ᷆࠼ਥԛⵁ֒ᱥćᨆٽ࠰䇴Ĉфć䇗㇍僂䇷ĈⲺᗠ⧥䗽ぁȾՖ㔕ⲺԵ

ⵕᮦᦤᯯ᷆࠼ᕅᴿ⵶਺〃䲆࡬Ⱦ俌ݾᱥ䴶㾷㙍䍯ཝ䠅Ӱ࣑θ⭫㖇ⲺᰛⴀགྷᵸθֵᗍӰ࣑Ⲻ

䴶≸ཝཝ໔ࣖχެ⅗ᱥॷד࠼䎌щᇬⲺ㔅僂θ᷆࠼Ⲻ㔉论фщᇬⲺ㔅僂≪ᒩᚥᚥ⴮ީθ㜳

ੜਇ⧦䰤题ૂ㜳ੜᢴ࠰䀙ᯯߩ⌋䜳਌ߩӄщᇬχ߃ቧᱥᇯ᱉࠰⧦╅⍔θ⭧ӄѱ㾷ד䎌Ӱᐛ

䈥ᐤȾ࡬ਇ⭕䭏╅Ⲻ⧦䊗χᴶ੄ᱥᰖ⌋᧝ރθ䳴᷆࠼

ਇᥛެ֒࠼ݻᢶᵥૂӰᵰӚӈᯯᕅᢃ㜳᷆࠼䘑Ⲻᮦᦤݾ䘑ⲺԵⵕ䇗㇍ᢶᵥᗻ亱㾷ᴿݾ

⭞Ⱦ㲳❬目ࢃⲺ਺㊱⭫㖇Եⵕ䖥Ԭൽ⭧㔉᷒ਥ㿼ौૂᣛ㺞ࣕ㜳θռެ⵶䠃⛯ӻ䲆ӄᮦᦤⲺ

ኋ⽰θሯӄᮦᦤ㿺ᗁⲺ᷆࠼ѱ㾷䘎ᱥד䶖Ӱᐛ䘑㺂ਠ㜳㿸ሕᖾቇⲺ䠃㾷ݹԬૂᯣ䶘Ⱦ䘏ᶷ
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ཝ൦䲆࡬ҼሯԵⵕ㔉᷒ૂԵⵕ㜳࣑Ⲻᓊ⭞θֵᗍ䇮ཐ൞䇗㇍㔉᷒中㮪੡Ⲻ⭫㖇䘆㺂㿺ᗁ䳴

ԛ㻡ਇ⧦Ⱦ

2.1.2 ⭫䠅ᮦᦤ

2.2 Աࣗ᷆࠼

ᵢ文Ⲻѱ㾷目ḽ׵ᱥ࠰ڐжѠਥԛ⭞ӄ⭫㖇ᔸᑮỶ⎁ૂ᭻䳒Ỷ⎁Ⲻਥ㿼㌱㔕θ⭞ԛᯯ

Ⱦ⨽༻ૂ᷆࠼⴮ީ⹊ガӰ઎Ⲻ׵

2.2.1 ᔸᑮỶ⎁Աࣗ

2.2.2 ᭻䳒Ỷ⎁Աࣗ

9



3 ะӄ㔕䇗䍞䠅᧝ᯯ࡬⌋ⲺᔸᑮỶ⎁

㔕䇗䍞䠅᧝࡬δSQCεᯯ⌋ᒵ⌑⭞ӄⴇ᧝䗽ぁθԛ⺤ؓਾṲ⺤䇚ӝ૷Ⲻ∊ׁȾ൞਺〃

SQCᯯ⌋中θ᧝࡬ഴ൞⎁䠅䗽ぁどᇐᙝૂỶ⎁ᱴ㪍਎ौᯯ䶘㺞⧦࠰シ࠰Ⲻᙝ㜳Ⱦ൞ᵢ文中θ

SQCૂ᧝࡬ഴⲺ⨼论ᶺᡆҼᔸᑮỶ⎁Ⲻะ⹶Ⱦ

3.1 ᧝࡬ഴф㔕䇗䍞䠅᧝࡬

3.1.1 ᧝࡬ഴ⨼论Ⲻะᵢᙓᜩ

᧝࡬ഴӜ〦ć䍞䠅㇗⨼ഴĈȽć䍞䠅䇺զഴĈȾṯᦤᮦ⨼㔕䇗৕⨼࡚ૂ᷆࠼ᯣᐛᓅᱥੜ༺

ӄどᇐ⣬ᘷᡶֵ⭞ⲺȽᑜᴿ᧝࡬⮂䲆Ⲻж〃䍞䠅㇗⨼ഴ㺞Ⱦᆹᱥж〃ᴿ᧝࡬⮂䲆Ⲻഴθ⭞

ᶛ॰࠼ᕋ䎭Ⲻ৕ഖᱥڬ❬Ⲻ䘎ᱥ㌱㔕Ⲻθਥԛᨆב㌱㔕৕ഖᆎ൞Ⲻ䍺䇥θԄ㙂࡚ᯣ⭕ӝ䗽

᯲਍᧝⣬ᘷȾ

10



浙江大学硕士学位论文 3 基于统计质量控制方法的异常检测

3.1.2 㔕䇗䍞䠅᧝࡬Ⲻะᵢᙓᜩ

3.2 ᐨᴿ㔕䇗䍞䠅᧝࡬ഴ᷆࠼

3.2.1 ԁ㔃ᐨᴿⲺ㔕䇗䍞䠅᧝࡬ഴᯯ⌋਺㠠Ⲻ⢯⛯⢯ᖷ

3.2.2 㔉ਾ⭫㖇ᮦᦤ⢯㢨ф᷆࠼Աࣗθ㔲ਾ䈪᱄䘿᤟ shewhart᧝࡬ഴⲺ৕ഖ

3.3 ᔸᑮỶ⎁㇍⌋

3.3.1 shewhart㔕䇗䍞䠅᧝ᯯ࡬⌋৕⨼

3.3.2 ะӄ shewhartᯯ⌋᭯䘑ⲺᔸᑮỶ⎁㇍⌋

3.4 ᇔ僂㔉᷒

3.4.1 ㇍⌋གྷᵸᓜȽ᭾⦽

3.4.2 Ỷ⎁㔉᷒᷆࠼
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4 ᭻䳒Ỷ⎁

4.1 ᭻䳒Ỷ⎁䰤题

䳅⵶⭫ᆆ䇴༽ⲺᰛⴀᲤ਀θ⭫㜳⎾㙍уᯣ໔ࣖθሯ⭫ⓆⲺ䍞䠅ૂ䘔㔣ᙝᨆ࠰Ҽᴪ儎Ⲻ

㾷≸Ⱦ❬㙂θ⭫㖇中Ⲻ∃㓵δ㢸⛯εૂ⭫࣑㓵δ䬴䐥εᶺᡆ䗉⭫㖇㔒θуਥ䚵ރ൦Ր䙽ࡦ᭻

䳒Ⱦ⭧ӄ⢟⨼⭫࣑㌱㔕Ⲻགྷᵸࣞᘷ⢯ᙝθжᰜਇ⭕᭻䳒θ⭫㖇Ⲻؓᣚᵰ࡬ቧՐ൞ӰѰᬃ֒

ҁࢃ䟽਌㠠ࣞ᧝࡬᧠᯳θԛؓᤷ㌱㔕Ⲻਥ䶖ᙝȽᆿޞᙝૂどᇐᙝȾ᧝֒ࣞ࡬Ⲻ䘿᤟਌ߩӄ

᭻䳒Ⲻᙝ䍞θऻᤢެ㊱ශૂփ㖤Ⱦ᭻䳒ᇐփⲺᘡ䙕䈀ᯣуӻᴿࣟӄؓᣚᵰ࡬ሯ䟽਌↙⺤㺂

Ⲻ⍔ሕ࣑θԛީ㚊⭫㖇䘆㺂⣬߫ф↚㊱᭻䳒ޛ␧בӰ઎ᨆ᷆࠼਀ᰬⲺ࡚ᯣθ㙂ъѰ࠰֒ࣞ

ⲺᖧଃᯯᕅȾഖ↚θ᷆࠼઎㜳ཕ䈹᮪ݹԬተሮᒬ䈹᮪ؓᣚ䇴༽θ㔝㙂᭯஺ؓᣚᵰ࡬Ⱦ

δṯᦤ亼ตщᇬⲺ㾷≸θᡇԢщ⌞ӄԌԢᴶ᝕ު䏙Ⲻགྷᵸ᭻䳒㊱ශθ঩п⴮⸣䐥᭻䳒Ⲻ

䈀ᯣȾп⴮⸣䐥᭻䳒⎿਀пѠуੂⲺ䘔᧛⭫࣑㓵Ⱦެ中жѠ⭫Ⓠ㓵θެ中⸣䐥㻡䀜ਇθ㻡

䇚Ѱᱥ᭻䳒中ᗹȾਜཌњѠᱥ൞⸣䐥ਇ⭕੄уѻθ⭫㖇㠠ࣞ࠽ᯣ⭫Ⓠ㓵ԛؓᣚ⴮ީⲺ䇴༽Ⱦ

ྸ᷒⭧中ᗹ⭫࣑㓵䘔᧛Ⲻњᶗ∃㓵փӄ A॰θࡏ A॰ਇ⭕᭻䳒Ⱦሯӄሼ A॰∃㓵ф B॰

∃㓵䘔᧛Ⲻ中ᗹ⭫࣑㓵θ᭻䳒փ㖤ᇐѿѰ॰ต A-BȾε

ᰬ䰪⌘ࣞȾ⁗ᤕಞ䇦ᖋж㓺਎䠅ԛⴇ㿼⭫㖇Ⲻ䘆㺂⣬߫Ⱦп⴮⸣䐥᭻䳒ሲ㠪䘏ӑ਎䠅

Ⲻᰬ䰪⌘ࣞθ㺞⧦Ѱуੂᑻᓜૂ仇⦽Ⲻ⌘ࣞȾ䘏ж⢯ᖷᱥ㺞᱄䘏〃᭻䳒ᆎ൞Ⲻᴶ⴪᧛Ⲻ䇷

ᦤȾ

㚊ਾ䘑ौ⁗ᕅȾታ㇗Ѡ։਎䠅ᆎ൞⌘ࣞθռᡆሯ਎䠅ҁ䰪ҕᆎ൞㚊ਾ╊ौ⁗ᕅȾ൞⭫

㖇Ⲻуੂ䜞փਥԛਇ⧦䘔᧛⁗ᕅθ㺞᱄п⴮⸣䐥᭻䳒Ⲻ࠱ߨ⁗ᕅȾ䘏ж⢯ᖷᾸᤢҼ䘏ṭж

〃᭻䳒Ⲻ㺂ѰȾ

∃㓵ҁ䰪ⲺᖧଃȾ⭫㖇ᱥԄ∃㓵ࡦ∃㓵Ֆ䗉⭫࣑Ⲻᒩ㺗㖇㔒Ⱦ䘏〃Ֆ䗉ީ㌱ሲ㠪∃㓵

ҁ䰪Ⲻ⴮ӈᖧଃθ䙖ᡆ൦॰ҁ䰪Ⲻ᭻䳒࠱ߨȾ䘏ж⢯ᙝᨣ⽰Ҽп⴮⸣䐥᭻䳒Ⲻћ䠃ᙝȾ

㘹㲇ࡦ䘏ӑ⢯⛯θᡇԢሼ᭻䳒䈀ᯣ䰤题ᇐѿѰགྷᵸⲺཐ਎䠅ᰬ䰪ᓅ࠼ࡍ㊱䰤题ȾᡇԢ

ֵ⭞пѠ਎䠅Ⲻᰬ䰪⌘ࣞᶛ⺤ᇐᱥੜᆎ൞᭻䳒ȾᡇԢ࠰ࡍᡶᴿ㢸⛯ⲺпѠ਎䠅Ⲻᰬ䰪ᓅࡍθ

ᒬሼᆹԢ㿼ѰуੂⲺ਎䠅θԛਇ⧦㚊ਾ╊ौ⁗ᕅૂᖧଃ⁗ᕅθ䘏ᴿࣟӄሼ᭻䳒ᇐփࡦ⢯ᇐ
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浙江大学硕士学位论文 4 故障检测

॰ตȾ

4.1.1 ޭ։䰤题䈪᱄

ѰҼ䀙ߩ䘏Ѡ䰤题θᶛ㠠ᵰಞᆜҖ⮂Ⲻ⹊ガӰ઎ᐨ㔅ᔰ㄁Ҽ਺〃࠼㊱⁗ශᶛ⺤ᇐ᭻䳒

փ㖤θᒬъᣛ઀Ⲻ㔉᷒ޭᴿᖾཝⲺ▒࣑Ⱦሼ⾔㔅㖇㔒 [6,35]ૂ᭥ᤷੇ䠅ᵰ [32,39]ㅿ䀙䳼ᡆ

θݾՖ㔕Ⲻզ䇗⁗ඍ中θᡆࣕ൦ᨆ儎Ҽᇐփ㋴ᓜȾ⭧ӄпѠ৕ഖθ䘏ӑᯯ⌋ᱥՎ䘿ⲺȾ俌ࡦ

⭧ӄ䘏ӑᯯ⌋Ⲻ劷Ἀᙝૂ䖹ᕰⲺᆜҖ㜳࣑θу䴶㾷Ѱ਺〃᭻䳒փ㖤ᔰ㄁ᇂ᮪Ⲻ⸛䇼ᓉȾㅢ

ӂθ䘏ӑᯯ⌋㜳ཕ༺⨼уੂᤉᢇ㔉ᶺⲺ⭫㖇θ䘏൞Ֆ㔕ᯯ⌋中䙐ᑮᱥ㕰҅ⲺȾ↚ཌθᵰಞ

ᆜҖ⁗ශ䙐䗽㘹㲇Ԅ᮪Ѡ㖇Ṳ中ᨆ਌Ⲻ⢯ᖷᶛ᷆࠼᭻䳒θഖ↚ਥԛӝ⭕儎㋴ᓜⲺզ䇗Ⱦ

㲳❬䘏ӑᵰಞᆜҖᯯ⌋൞᭻䳒ᇐփ䈀ᯣᯯ䶘ᱴ⽰࠰ᕰཝⲺՎࣵθռᱥ⭫㖇᷆࠼Ӱ઎ԃ

❬䶘Ѫ⵶жӑީ䭤Ⲻ᥇ᡎȾжᯯ䶘θ⭫㖇䘆㺂⣬ᘷ൞᭻䳒᛻߫сࣞᘷ਎ौȾਇ⭕൞⭫㖇у

ੂ䜞࠼ᡌуੂ䱬⇫Ⲻ਎ौ⴮ӈᖧଃθሲ㠪㓝㚊᭻䳒ⲺՖ᫣ [25]Ⱦ❬㙂θ⧦ᴿⲺᵰಞᆜҖᯯ

⌋ᰖ⌋ᦋ᥿䘏ӑ਎ौҁ䰪Ⲻ⴮ީᙝᡌᰬ䰪ד䎌ᙝȾਜжᯯ䶘θ䈀ᯣ㔉᷒ૂ䈀ᯣ䙱䗇ҁ䰪ԃ

❬ᆎ൞ᐞཝⲺᐤ䐓Ⱦ᷆࠼Ӱ઎ᖾቇҼ䀙փӄ⢯ᇐ॰ตⲺ᭻䳒֋ᰬԛ਀ྸ֋ᖧଃ䘏ѠૂެԌ

॰ตⲺᬃ֒ᶗԬȾ᷆࠼Ӱ઎ҕу㜳Ԅ䈀ᯣࡍ㺞中॰࠰࠼ᴪћ䠃Ⲻ᛻߫θԛ䘑ж↛᷆࠼᭻䳒

ᵰ࡬ᒬ䟽਌᧠᯳Ⱦഖ↚θ䴶㾷䳼ᡆ᷆࠼ᐛޭሼ᭻䳒䈀ᯣ㔉᷒ф⭫㖇䘆㺂⣬ᘷⲺ⁗ᕅૂ⢯ᖷ

⴮ީ㚊Ⱦഖ↚θӰԢ⴮ؗਥ㿼ौᯯ᷆࠼⌋ૂᢶᵥ䙐䗽ᨆבжѠᒩਦᶛ᧘㍘Ƚ⨼䀙ૂ᷆࠼ᮦ

ᦤθሯӄ䈛ᓊ⭞亼ตᱥᴿⴀⲺȾ

㘹㲇ࡦ䘏ӑ᥇ᡎθ䘏ᱥࣞᵰⲺᐛ֒ⲺњكȾㅢжθ䙐䗽᷆࠼᭻䳒䈀ᯣ⹊ガⲺ㖇Ṳᇐփ

ᱥ↙⺤Ⲻᬃ֒ᶗԬсθ㜳ཕ⁗㌀⭐㠩јཧᡌ䭏䈥Ⲻ䆜ᣛؗᚥθ᭬䳼ҼԄ䙐ؗ㌱㔕中Ⲻ㖇ṲȾ

ഖ↚θ䘆㩛୼ਥԛֵ⭫㖇Ⲻ↙⺤ᬃ֒ૂᨆ儎ؓᣚ㌱㔕Ⲻ᧝࡬൞жѠ䘸ᖉⲺᯯᕅȾㅢӂθሯ

⧦ᴿⲺ᭻䳒䈀ᯣᯯ⌋ᰖ⌋䀙䠀Ⲻᯯᕅ䘑ж↛Ҽ䀙ඍⲺ伄䲟䟽਌уੂⲺ൦ᯯ൞ሯᯣቸᑜⲺփ

㖤Ⱦ⨼䀙ⲺᖧଃθуੂⲺ᭻䳒ૂћ䠃ぁᓜεθֵ ᴪཐⲺ䘸ᖉⲺ᧝࡬ਥԛᑤࣟ⹊ガૂؓᣚ䇗ࡈȾ

ᦤᡇԢᡶ⸛θ⭞ӄ᭻䳒᛻߫с⭫㖇䘆㺂⣬ᘷਥ㿼ौ䈀ᯣⲺᴿ᭾ਥ㿼ौ᷆࠼ᐛޭԃ❬㕰

҅Ⱦഖ↚θᡇԢф亼ตщᇬᇼ࠽ਾ֒θ䈋ഴ൞ਥ㿼ौ᷆࠼䗽ぁ中䟽⭞ᴶ᯦Ⲻ␧ᓜᆜҖᯯ⌋

ᶛ᷆࠼⭫㖇᭻䳒਀ެሯ⭫㖇䘆㺂⣬߫ⲺᖧଃȾѱ㾷䍗⥤⛯ྸсж〃ਥ䶖Ⲻ᭻䳒ᇐփ䈀ᯣᯯ

⌋θ㜳ཕ൞࠼㊱рс文中㺞ᖷք㓝ૂ儎㓝⢯ᖷχжѠਥ㿼ौⲺ᷆࠼䗽ぁθ᭥ᤷԄуੂ㓼㢸

ቸ⅗᧘㍘Ƚ䇼ૂࡡᙱ㔉᭻䳒਀ެሯ⭫㖇䘆㺂⣬߫Ⲻࣞᘷᖧଃ⁗ᕅȾ
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浙江大学硕士学位论文 4 故障检测

4.1.2 䰤题ᣳ䊗δྸ֋ᣳ䊗ѰжѠ࠼㊱䰤题ε

㠠ࣞ䈀ᯣ᭻䳒փ㖤Ⱦṯᦤ㢸⛯ૂ䬴䐥Ⲻ൦⨼փ㖤θሼ⭫㖇࠼ࡈѰуੂⲺ॰ตȾ⢯ᇐ॰

ตⲺ⭫㖇᧝࡬中ᗹⴇ᧝ެ㠠䓡ⲺݹԬᒬ㜳ཕ൞ެ޻䜞ᇐփ᭻䳒ȾެԌ൦॰ਇ⭕Ⲻ᭻䳒θ⢯

Ҽެ࠰ԬҕᴿᖾᕰⲺᖧଃθռ䎻ݹᱥ䘔᧛њѠ൦॰Ⲻ⭫࣑㓵䐥рⲺ᭻䳒θሯ䈛൦॰⭫㖇ࡡ

Ỷ⎁㤹പȾ൞ᇔ䱻᛻߫сθ॰ต᧝࡬中ᗹⲺ᷆࠼Ӱ઎䴶㾷ሯެԌ॰ตⲺ᭻䳒փ㖤॰ต䘑㺂

Ӱᐛ࡚ᯣȾж〃㠠ࣞ䈀ᯣᯯ⌋ਥԛᨆ儎⭫㖇᧝࡬Ⲻ᭾⦽θԄ㙂ࠅቇᦕ㙍Ⱦ

ᙱ㔉Ҽ⭫㖇䘆㺂⣬ᘷс᭻䳒Ⲻ㗚㓺ᖧଃ⁗ᕅȾ᭻䳒ᖧଃ⁗ᕅ㺞⧦Ѱሯ⭫㖇䘆㺂⣬߫Ⲻ

ᖧଃθਥᾸᤢѰ p=δ㢸⛯χ਎䠅χ਎ौεθᆹᨅ䘦⭫㖇中਍ᖧଃᴶཝⲺ㢸⛯рḆӑ਎䠅Ⲻٲ

਎ौȾ亼ตщᇬሯᖧଃ⁗ᕅ᝕ު䏙θഖѰਥԛ᧞ᯣᖧଃ㤹പૂ㺂Ѱᶛ᤽ሲ㖇Ṳ᧝࡬Ⱦ䙐䗽

᧞ᒵ㗚։ᖧଃ⁗ᕅθਥԛ䇼ࡡགྷᵸ⭫࣑㌱㔕Ⲻ⴮ղ䘆ࣞ⢯ᖷȾഖ↚θ㊱ղⲺ᧝࡬ㆌ⮛ਥԛ

ᓊ⭞ӄ㊱ղⲺ᛻߫Ⱦ

Ѱᬃ֒ᶗԬ᷆࠼ᨆבঋ⤢Ⲻрс文ؗᚥȾԄ㗚։ᖧଃ⁗ᕅⲺᙱ㔉θ᷆࠼Ӱ༡人䇗䇼ࡡ

⢯ᇐṾԬ਍ࡦᴪћ䠃Ⲻᖧଃᡌެ䳼ഘ㺞⧦ᔸᑮȾഖ↚θ䙐䗽ᱴ⽰਎ौⲺᐛ߫਺⊳䖜᷆࠼ᐾ

ѠӰ⁗ᤕṭ૷Ⲻрс文ؗᚥⲺ䈭≸Ⱦ䘏ᴿࣟӄԌԢᢴࡦᴶ㜼ᕧⲺ䜞࠼θᇯ᱉਍ࡦᖧଃᒬ䙖

ᡆћ䠃੄᷒Ⱦ

᧘㍘ᔸᑮՖ᫣⁗ᕅ൞Ѡ։ቸ䶘рȾ⢯ࡡ൦θ亼ตщᇬሯ䇼ࡡ∅Ѡ㓺Ⲻԙ㺞ᡌ⿱㗚Ѡ։

᝕ު䏙Ⱦ䙐䗽ᨣ⽰㖇Ṳ中ᡶᴿ㢸⛯ҁ䰪Ⲻ⴮ӈᖧଃθ᧘㍘ޭᴿԙ㺞ᙝⲺѠ։中Ⲻ᭻䳒Ֆ᫣

⁗ᕅਥԛ␧ޛҼ䀙᭻䳒ᵰ࡬Ⲻ৕ᆆ㓝ࡡχ㙂൞ᔸᑮⲺѠ։中䘑㺂᧘㍘ᴿࣟӄ᧞⨼⢯⇀᛻߫Ⱦ

ഖ↚θᡇԢ䴶㾷Ỷ⎁ঋѠԵⵕṭᵢⲺᔸᑮᬃ֒㢸⛯ૂ䱬⇫θᒬ൞䘏ӑ䱬⇫ҁ䰪ᶺᔰ╊䘑䗽

ぁȾ

4.2 ␧ᓜ⾔㔅㖇㔒⁗ශ

4.2.1 䘿᤟␧ᓜ⾔㔅㖇㔒Ⲻ৕ഖ

4.2.2 RNN৕⨼

4.2.3 Ѱ֋䘿᤟ะӄ RNNⲺ LSTM⁗ශ

ཐ਎䠅ᰬ䰪ᓅ࠼ࡍ㊱䰤题ⲺжѠѱ㾷᥇ᡎᱥᦋ㧭ᰬ䰪ד䎌ᙝȾḽ߼䙈ᖈ⾔㔅㖇㔒δRNNε

൞ᓅࡍᮦᦤ⹊ガ中ᐨᱴ⽰ެ࠰䀙ߩཝ䠅ԱࣗⲺ㜳࣑θռᵠ㜳ᴿ᭾ૂᴿ᭾൦ẛ᧛䗉ޛ⴮ީؗ

ਭҁ䰪Ⲻ䮵ᰬ└ [17]Ⱦ䮵⸣ᵕ䇦ᗼδLSTMε㖇㔒ᱥж〃᯦ශⲺ RNN⁗ශθᆹށᵃҼ䘏ж
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䰤题θᒬᐨ⭞ӄ䇮ཐᓅࡍᮦᦤ⴮ީ䰤题Ⲻ⧦ᴿ䀙ᯯߩṾ [15]θྸᢁߏ䇼ࡡ [12]ૂ䈣丩䇼ࡡ

[14]Ⱦ

4.2.4 ᵢ文ᡶ⭞⁗ශδLSTN-FCNεⲺ㖇㔒㔉ᶺф৕⨼

ᴶ䘇ਇኋ䎭ᶛⲺޭᴿ LSTMδ㺞⽰Ѱ MLSTM FCNεⲺᇂޞভ〥㖇㔒δFCNεⲺ໔ᕰ

ɏ23ɐȾ䈛ᯯ⌋䚵ރҼ㑷䠃Ⲻ人༺⨼ૂ⢯ᖷᐛぁθ࡟⭞ FCNሯঋ਎䠅ᰬ䰪ᓅࡍ䘑㺂࠼㊱Ⱦᆹ

䘑ж↛ሼ䰤题ᢟኋࡦཐ਎䠅ᰬ䰪ᓅࡍⲺ࠼㊱θᒬ䙐䗽␱ࣖᥚুૂ◶ࣧඍᶛᨆבᴿ᭾Ⲻ䀙ߩ

ᯯṾȾ൞གྷᵸཐ਎䠅ᰬ䰪ᓅࡍⲺ࠼㊱Աࣗ中θᘡ䙕 FCNૂ㋴⺤ LSTMⲺ㔉ਾ㻡䇷᱄Վӄཝ

ཐᮦެᆹᴶݾ䘑Ⲻ⁗ශȾ

ഴ4-1ᱴ⽰Ҽ MLSTM FCN ⁗ශⲺ㖇㔒։㌱㔉ᶺθ䈛⁗ශ⭧ LSTM ඍૂ FCN ඍ㓺ᡆȾ

䈛⁗ශⲺ䗉ޛᱥऻ੡ nѠᰬ䰪↛䮵Ⲻᮦᦤ⸟䱫 AMNૂ∅Ѡᰬ䰪↛䮵Ⲻ mѠ਎䠅Ⱦ

图 4-1 MLSTM FCN
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4.3 ޭ։ᇔ⧦

൞ሼᮦᦤ⸟䱫 AՖ䙈㔏 LSTMඍҁࢃθྸ᷒ nཝӄ mθࡏ㔪ᓜ⍍⢂ቸሼᣀ A m n䖢ᦘ

Ѱ A n mθԛᨆ儎⁗ශ᭾⦽ȾLSTMඍ⭧жѠж㡢Ⲻ LSTMቸૂжѠ䗃ᆜቸ㓺ᡆȾLSTMቸ

ֵ⭞ᆎ۞ঋݹᶛؓᤷ㓼㜔⣬ᘷ䳅⵶ᰬ䰪Ⲻ᧞〱θᒬ䙐䗽㖇㔒⧥䐥Ֆ䙈ؗᚥȾ䰞ঋݹ䙐䗽ሼ

ࣖᵹૂ䗉ࡦޛ䙆⛯◶⍱࠳ᮦ (sigmoid (ᮦ࠳ ᒬᢝ㺂䙆⛯Ҏ⌋䘆㇍ᶛ᧝ؗ࡬ᚥ⍷ૂޛ⍷࠰ᆎ

۞ঋݹȾLSTMቸ੄䶘Ⲻঋૂݹ䰞ⲺᾸᘫᨆ਌䗉ޛᮦᦤ⸟䱫Ⲻ⢯ᖷθؓᤷ䮵ᵕⲺᰬ䰪ד䎌

ᙝȾ䗃ᆜቸ䙐䗽ࠅቇ䗽ᤕਾ䘑ж↛ᨆ儎Ҽ⁗ශᙝ㜳Ⱦ

ਜжᯯ䶘θFCNඍ䙐䗽пѠᰬ䰪ভ〥ඍૂжѠޞቶ≽㚐ቸੂᰬԄ䗉ޛᮦᦤ⸟䱫中ᨆ਌

⢯ᖷȾ∅Ѡᰬ䰪ভ〥ඍ⭧ভ〥ቸૂ᢯ᖈжौቸ㓺ᡆȾভ〥ቸỶ⎁⢯ᖷⲺቶ䜞㓺ਾȾ᢯䠅ᖈ

жौቸሯ∅Ѡ䇣㓹ቅ᢯䠅䘑㺂ᖈжौθ❬੄ሼᖈжौ㔉᷒䗉ࡦޛ᮪⍷㓵ᙝঋݹⲺ◶⍱࠳ᮦȾ

᢯䠅ᖈжौቸуӻݷ䇮ֵ⭞ᴪ儎ⲺᆜҖ䙕⦽θ㙂ъ䘎ݻᖉ䈹㢸ಞ [19 ]Ⱦ⢯ࡡ൦θࢃњѠᰬ

䰪ভ〥ඍऻ੡ᥚুૂ◶ࣧඍθᆹᆜҖ䀙䠀∅Ѡ䙐䚉Ⲻ⢯ᖷഴⲺ䠃㾷ᙝⲺᵹ䠃Ⱦᴶ੄θޞቶ

ᒩൽ⊖ਾᒬ㊱ղⲺ⢯ᖷȾ

❬੄ሼ LSTMඍૂ FCNඍⲺ䗉࠰⢯ᖷѨ㚊䎭ᶛθ᧛⵶ᱥ SOFTMax࠼㊱ቸȾᆹ䟽⭞䖥

ᴶཝ࠳ᮦሼ㓝㚊㔉᷒᱖ሺѰᾸ⦽࠼ᐹθะӄ䈛Ᾰ⦽࠼ᐹ䘑㺂࠼㊱Ⱦ

4.3.1 ᮦᦤ༺⨼

4.3.2 ৸ᮦ䇴㖤δ䈹৸䗽ぁε

4.3.3 ᇔ⧦δkerasᓉȽะӄ tensorflowȽ਎ᡆ䈣䀶 python
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5.1 ㌱㔕ᇔ⧦

5.1.1 ㌱㔕㔉ᶺ

5.1.2 ੄ㄥ䇴䇗

5.1.3 ㄥ䇴䇗ࢃ

5.2 ਥ㿼䇴䇗

5.3 ᇔ僂㔉᷒фṾׁ᷆࠼
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